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Sunday, February 3, 2013 93adeep inside the bilayer. This generates a polar environment near Lys288,
but leads to unfavorable hydrophobic-polar interactions at neighboring
membrane-facing hydrophobic residues in the cytoplasmic-end segments of
TM1 (TM1a) and TM7. Analysis of the K288A mutant MD simulations
showed that both membrane deformation and water penetration were elimi-
nated, together with the unfavorable hydrophobic-polar interaction at TM1a
and TM7. These results connect the hydrophobic mismatch due to the non-
conserved Lys288 residue to a key structural element mediating transport,
the TM1a segment that has been shown to move outward during substrate trans-
port. In so doing, the results also provide mechanistic insights into how the
K288A mutation, a background mutation used in some recent experimental
studies, leads to significantly improved transport properties in LeuT.
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Aromatic amino acids often flank the transmembrane alpha helices of integral
membrane proteins. By favoring locations within the membrane-water inter-
face of the lipid bilayer, the aromatic residues Trp, Tyr, and Phe may serve
as anchors to help stabilize a transmembrane orientation. In this work, we com-
pare the influence of interfacial Trp, Tyr or Phe residues upon the properties of
helical transmembrane peptides. For such comparisons, it is critical to start with
no more than one interfacial aromatic residue near each end of a transmembrane
helix, for example that of GWALP23 (acetyl-GGALW5(LA)6LW
19LAGA-
[ethanol]amide; see J. Biol. Chem. 285, 31723). To this end, we have employed
2H-labeled alanines and solid-state NMR spectroscopy to investigate the con-
sequences of replacing W5 in GWALP23 with Tyr or Phe residues at the
same or proximate locations. We find that GWALP23 peptides having Y5,
F5, or W5 exhibit essentially the same average tilt in bilayer membranes of
DLPC, DMPC, and DOPC. When double Tyr anchors are present, in
Y4,5GWALP23, the NMR observables are more subject to dynamic averaging
and at the same time less responsive to the bilayer thickness than when a single
Tyr or Phe residue occupies position 4 or 5. Interestingly, Y4GWALP23 and
Y5GWALP23 show similar low levels of dynamic averaging and have a differ-
ence of about 30-40 in the preferred helix azimuthal rotation angle in each
lipid. Decreased dynamics are observed when ring hydrogen bonding is re-
moved as in the case of F4,5GWALP23. We conclude that, in the absence of
other functional groups, interfacial aromatic residues determine the preferred
orientations and dynamics of membrane-spanning peptides.
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Antimicrobial peptides, the first immune response, are known to provide pro-
tection against pathogens; there are three proposed pore formation models by
which antimicrobial peptides are believed to disrupt membranes. Previous
work used the artificial amino acid cyanylated cysteine to confirm that the syn-
thetic hybrid antimicrobial peptide CM15 porates anionic lipid vesicles by the
barrel stave mechanism, which requires a single dominant orientation of the
peptide on the lipid surface. Recent molecular dynamics results suggest that
CM15 might adopt a number of different structures when binding to neutral
lipid bilayers, including those made primarily of phosphatidylcholine (PC)
lipids. Infrared spectrometry of CM15 variants provides evidence that the lipid
bound conformation of CM15 to neutral bilayers varies significantly from that
in contact with anionic bilayers. Additionally, circular dichroism experiments
give further insight into the different structures of CM15 in contact with neutral
lipid membranes.
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In this investigation, three complimentary experimental techniques including
atomic force microscopy (AFM), X-ray reflectivity (XR), and epiflourescence
microscopy (EFM) were employed to determine the mechanism of action of theantimicrobial cyclic peptoid ML2-6 on model mammalian and bacteria mem-
brane systems. Mammalian and bacterial membranes were mimicked with
Langmuir monolayers and supported bilayers both at solid support and at the
air-water interface. We introduce a novel approach in which octadecyltrime-
thoxysilane (OTMS) supported lipid bilayers are used to mimic mammalian
and bacterial membranes, which can be probed with X-ray scattering at the
air-water interface. ML2-6 was found to be active on all bacteria membrane
models, which was deduced by morphological changes observed from AFM
and EFM images following the introduction of the peptoid into the system.
In addition, XR revealed changes in film thickness and electron-density profile
after the addition of ML2-6, consistent with peptoid insertion into
phosphatidyl-glycerol (PG) lipid headgroup in both monolayer and bilayer
mimics. Conversely, ML2-6 was found to be inactive on all mammalian mem-
brane models investigated, which was concluded form the lack of morpholog-
ical changes observed from AFM and EFM images when the peptoid was
introduced into the system. Furthermore, XR revealed little change in DPPC/
Cholesterol film thickness and electron-density profile after the addition of
ML2-6. This suggests that ML2-6 may exhibit potential as an antibacterial
agent with low cytoxicity to mammalian host cells.
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Biologically active plant phenols (phytochemicals) are a cornerstone of tradi-
tional medicine. Phytochemicals have attracted increasing attention fromWest-
ern medicine, and thousands of studies on their activity are published each year.
Phytochemicals exert a broad range of pharmacological effects including being
antioxidant, anti-inflammatory, anticarcinogenic and antimicrobial, yet their
mechanism(s) of action are usually ill defined. Some better-studied phytochem-
icals modulate the function of a multitude of unrelated proteins, with few iden-
tified binding sites. Different phenolic compounds often affect the same
proteins, many of which are membrane-associated. Additionally, in spite of
large variations in chemical structure, plant phenols often have synergistic
effects. In this context, it may be relevant that phytochemicals generally are
hydrophobic/amphipathic and tend to adsorb to lipid bilayers. Phytochemicals
therefore could exert some of their actions indirectly by perturbing membrane
properties. To test the hypothesis that plant phenols exert their action on protein
function by altering lipid bilayer properties, we chose five heavily studied phy-
tochemicals: capsaicin (chili peppers), curcumin (turmeric), EGCG ((-)-epigal-
locatechin gallate, green tea), genistein (soybeans), and resveratrol (grapes).
We measured their propensity to alter bilayer properties using gramicidin A
channels, as probes for changes in bilayer material properties, and explored
the phytochemicals’ effect on various membrane proteins: potassium channels,
membrane-anchored metalloproteases, mechanosensitive channels of large
conductance and voltage-gated sodium channels. All the tested compounds
alter bilayer properties at concentrations consistent with their reported biolog-
ical activity; they also altered the function of the membrane proteins tested,
albeit at varying concentrations. We show that phytochemicals can alter protein
function through a bilayer-mediated manner; therefore, any studies on phyto-
chemicals should keep their promiscuity in mind and before claiming specific
interactions evaluate the possibility of an indirect membrane mediated
mechanism.
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Recently we applied an entropy based seed-and-grow strategy to design a set of
short DNA aptamers (Chem. Biol. Drug Des. 78:1-13). Each member consist-
ing upto 12 nucleotides binds specifically with phospholipid phosphatidylserine
(PS). The PS binding aptamers can be used e.g., to diagnose the PS
94a Sunday, February 3, 2013externalization in cells undergoing apoptosis which is an important biomarker
to be used in anti-cancer treatment. The in vitro fluorescence measurements
on the PS bound aptamers primarily validate the applicability of the mentioned
computational aptamer designing methodology. We have further studied the
binding properties of the designed aptamers with phospholipid vesicles using
a direct detection (non-fluorescence) methodology to measure concentrations
of relative PS bound aptamers versus unbound ones. A novel technique
has been proposed to analyze the phospholipid binding properties of aptamers
without fluorescent tags attached to them. Our results suggest that the PS
binding of aptamers is very much sequence specific and depends also on the
number of nucleotides in the sequence with shorter aptamers showing better
binding. Finally, we have been able to properly rank the aptamers considering
the best binding properties with PS and thus have found a set of candidates for
preclinical trials. This may open up the possibility of discovering aptamer
based diagnostic tools to be used in treatments of many diseases including
cancer.
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Plaques formed by aggregation of amyloid b peptide (Ab 42) are characteristic
of Alzheimer’s disease. The mechanism of plaque formation from Ab 42 mono-
mers, oligomers and fibrils is not understood, although there are data indicating
that negatively-charged membrane surfaces catalyze the process. It has also
been suggested that the pathogenic peptides are originated in raft-like microdo-
mains in the liquid-ordered state. In order to explore the initial stages of the
process, we have studied the interaction of Ab 42 in the monomeric form
with lipid monolayers and bilayers in the liquid-ordered state, composed of
equimolar brain sphingomyelin and cholesterol, to which either 5 or 20 mol%
phosphatidic acid (PA) were added. Molecular dynamics simulations of the
system were performed, as well as experimental measurements of changes in
surface pressure at the air-water interface, and isothermal calorimetry of
peptide-vesicle interactions. In the absence of the negatively charged PA inter-
action is weak and it cannot be detected calorimetrically. However in the pres-
ence of PA interaction is detected by all three methods and in all cases
interaction is strongest with the lipid composition containing 5 mol% PA. Mo-
lecular dynamics pictures are different for the low- and highcharge bilayers, in
the former case the peptide is bound through many contact points to the bilayer,
while for the bilayer containing 20 mol% PA only a small fragment of the pep-
tide appears to be bound. Interestingly, the calorimetric data indicate decreased
entropy upon binding only for the system predicted to contain highly bound
peptide. Moreover the molecular dynamics methods indicate the development
of a b-sheet structure by the peptide in bilayers containing 5% PA, while in the
presence of 20 mol% PA the peptide retains a partially helical conformation.
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Apolipoproteins are proteins which bind to lipids, forming lipoprotein com-
plexes to encapsulate cholesterol and triglycerides. Structure and transport of
lipoproteins are regulated by the binding of specific apolipoproteins where
they serve as receptors and ligands. Apolipoprotein C-III (apoCIII) inhibits
hydrolysis of lipids by lipase. Elevated levels of apoCIII are associated with
hypertriglyceridemia and an increased risk of coronary heart disease. Despite
its importance in lipid metabolism, fundamental lipid binding properties of
apoCIII remain to be characterized. Using unilamellar vesicles with varied lipid
composition and curvature, we apply fluorescence correlation spectroscopy,
circular dichroism spectroscopy, and transmission electron microscopy to de-
termine membrane binding affinity, secondary structure formation, and mem-
brane integrity, respectively.492-Pos Board B261
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University of Pennsylvania, Philadelphia, PA, USA.Clathrin mediated endocytosis (CME) requires coordinated recruitment of
peripheral proteins such as epsin, endophilin and amphiphysin. Recently, lots
of efforts have been focused on mapping out the temporal and spatial organi-
zation of peripheral proteins during CME. However, the molecular basis defin-
ing the behavior of each protein is still not clear. In this work, we studied the
association and dissociation kinetics of the membrane binding epsin N-terminal
homology (ENTH) domain, as well as NBAR domains of endophilin and
amphiphysin, with the goal to understand their membrane binding mechanisms
in vitro. The kinetics measurements are performed on a single giant unilamellar
vesicle (GUV) combined with micropipette aspiration. This technique allows
us to strictly confine the protein association measurements to the pseudo - first
order regime while a rapid dilution could be induced to allow protein dissoci-
ation measurements. The kinetic behavior of ENTH and NBAR domains was
characteristically different. ENTH binds to membranes in a simple one-step
manner with binding rates in agreement with surface plasmon resonance mea-
surements. Association curves of NBAR, however, display a protein concentra-
tion dependent sigmoidal shape. In addition, the dissociation measurements of
NBAR yield a linear relation between decay time and initial protein density on
the GUV. Both observations indicate additional cooperativity between NBAR
domains on the membrane. Furthermore, by studying the binding kinetics of
BAR domain lacking N-terminal helix (H0), the protein cooperativity is found
to be directly related to H0. Overall, this kinetics study yields insight into the
similarities and differences in membrane binding mechanisms of CME related
proteins.
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It is widely recognized that curved membranes play a major role in the regula-
tion and control of cell functions. It is, however, less clear how exactly biolog-
ical cells generate and maintain membrane curvature in different organelles as
well as during vesicle budding.
In the present study, we investigate the peripheral membrane nBAR (Bin-
Amphiphysin-RVS) class of proteins, which is known to generate and stabilize
membrane structures. These proteins are characterized by a banana-shaped
scaffolding domain, an amphipathic helix, and may have additional amphi-
pathic motifs. Recent investigations by Boucrot et al. (Cell 2012) suggest
that BAR domain proteins may promote either tubulation or fission of vesicles,
as the BAR domains limits the vesicle fission caused by hydrophobic insertions
of amphipathic motifs. In contrast, our studies show that the Arfaptin class of
proteins displays a high deformation capability despite few amphipathic motifs
pr. BAR domain.
Using a combination of biochemical and biophysical techniques, the activity
and function of several proteins are investigated in vitro, both in quantitative
bulk measurements and in qualitative single particle studies.
Specifically, we use a bulk assay to determine the deformation efficiency of
proteins in a solution containing vesicles and protein.
This is supplemented by the Single Liposome Curvature Sensing (SLiC) assay,
which uses fluorescently labeled, immobilized vesicles on a glass coverslip to
achieve single vesicle resolution and determine size dependent effects and pro-
tein/vesicle colocalization, i.e. fraction of vesicles with bound protein.
Supporting these quantitative methods, we use TEM (Transmission Electron
Microscopy) to directly image vesicles and other membrane structures.
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KL4 is a 21-residue peptide proposed as a potential substitute of pulmonary sur-
factant protein SP-B in synthetic surfactants, intended for the treatment of
respiratory pathologies. The peptide, composed by leucines interrupted by
lysine every four residues, was synthesized to simulate C-terminal amphipathic
helical segments of SP-B. Once incorporated into lipid-protein complexes, KL4
promotes formation of interfacial films that produce and maintain surface ten-
sions below 5 mN/m during compression-expansion cycling. Although KL4
was designed as an amphipathic helix at the membrane surface, the data on ori-
entation and interactions of the peptide in membranes are contradictory. In the
present work the surface activity and interaction with membranes of KL4 was
compared with the behavior of two other peptides, KL2A2 and KL4PQ, to gain
